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BENEFICIAL MICROORGANISMS IN LOW-INPUT AGRICULTURE 
Thomas E . . Loynachan 
Professor of Agronomy and Microbiology 
Iowa State University 
Introduction 
The overall involvement of microorganisms in crop production still remains much of a 
mystery. Because of their distribution and size, most studies have been done in the laboratory 
and the implications of these studies referred back to the field. With this approach, 
unfortunately, much remains unknown, not only about the growth of individual organisms, but 
certainly the interactions of organisms in nature. 
Several "nontraditional" soil amendments have been marketed over the years that capitalize 
on our lack of understanding of soil microbial processes. Terms such as soil activators, soil 
enhancers, and enzyme stimulators have been used, claiming to improve soil structure, the "life of 
the soil," reduce soil erosion, release "pent up nutrients" (one of my favorites), and others claims. 
Often the product is based on revolutionary new research that has yet to be tested by the local 
land-grand university. From my perception, more often than not, an idea is being sold rather 
than a viable product. Those of us in science, nevertheless, know there are happenings occurring 
in nature that we don't adequately understand, and some chance discovery of one of these 
products may have scientific merit. But until it is thoroughly tested by independent researchers 
not tied to the product, one should be very cautious of product claims. 
What We Do Know 
Soil is literally teeming with life! From practically any soil sample in the state of Iowa, 
millions of microorganisms can be isolated representing a great diversity of living biomass: From 
aerobic to anaerobic bacteria, to actinomycetes and fungi, protozoa, nematodes, yeasts, and 
higher organisms such as springtails, mites, and earthworms. Just being there, however, does not 
tell us their ecological role and importance. Not only are a wide variety of organisms present in 
our soils, but they must live in close proximity to one another, for it is common to isolate a great 
diversity from a single gram of soil. 
One of the main functions presumably of soil microorganisms is the breakdown of plant 
and animal residues. We know a lot about the overall process but relatively little about the 
individual steps involved in the process. This breakdown, or decomposition, is important for the 
recycling of nutrients, especially the organic macronutrient anions N, P, and S. Neutral pHs, 
warmers temperatures, and adequate soil-moisture conditions accelerate the process. In 
decomposition, the residues serve as electron donors for the organisms (similar to the beefsteak 
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than we consume). In most soils, the quantity of electron donors likely is the factor limiting 
population sizes. Clearly, in sustainable agriculture (and naturally since the beginning of life on 
earth), soil organisms have been important in the release of nutrients from plant and animal 
residues returned to the soil. 
It appears also that plants have co-evolved with soil microorganisms in several mutualistic 
relationships. In studies, again mainly in the laboratory, many plants appear to release exudates 
from their roots. The quantities of exudates often equal 10 to 25% of the total photosynthate 
produced by the plant. A question that has intrigued me is why plants have evolved to release up 
to one-quarter of their photosynthate into the rooting environment, which they presumably could 
use for greater growth for themselves, unless the plant benefits from this release. The biological 
happenings in this rooting zone, called the rhizosphere, are poorly understood. 
The Rhizosphere 
Speculation on reasons plants have evolved to favor high biological activities in the 
rhizosphere include: provide protection from plant pathogens, provide organics to chelate 
micronutrients, allow for nitrogen fixation by free-living microorganisms, provide enzymes to 
release nutrients from mineral or organic forms (such as organic acids to solubilize mineral P or 
phosphatase enzymes to release organic P), plus several others. Hicks and Loynachan (1987) 
showed that rhizosphere microbial populations of soybean varied by organismal groups during 
the growing season (Table 1 ). Correlation analyses showed that greater precipitation and an 
increase in temperature in the period preceding sampling increased populations, and an increase 
in evaporative index decreased populations. To indicate the types of interactions that might be 
occurring in field soils, consider Fe availability in high-pH soils of Iowa. Manjanatha et al. 
(1990) showed that a strain of nodule bacteria that has evolved in alkaline soils (such as the 
Harps series) produces siderophores, whereas the nodule bacteria living in nonalkaline soils do 
not. Siderophores are important for chelation of Fe, which may provide benefit to both the 
plant and microorganism. Iron availability in alkaline soils normally is low due to chemical 
precipitation. 
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Table I. 
Date 
2I May 
13 June 
9July 
30 July 
20 Aug 
I8 Sept 
Mean rhizosphere populations of five microfloral groups of soybean determined at 
six sampling dates throughout the growing season. 
Growth 
stagea TSAI 
VI. I 
V5.3 
Rl.2 
R5.1 
R6.4 
R8.0 
5.5c 
5.1 
5.2 
6.7 
6.3 
6.4 
CVA 
4.1 
3.6 
4.6 
4.5 
4.8 
4.9 
Mediumb 
MBA Sl TSA2 
5.5 2.3 4.9 
6.3 1.6 4.6 
5.7 2.9 4.9 
5.8 3.2 5.4 
6.0 2.8 6.0 
6.4 4.0 5.3 
8 Represents the growth stage of soybean at the time rhizosphere sampling occurred. 
b Growth of rhizosphere organisms on the media described by Gould et al. (1985). TSAl indicates 
bacterial growth on trypic soy agar (TSA), and TSA2 indicates actinomycetal growth on TSA agar. 
CVA, MBA, and Sl are crystal violet, methylene blue, and pseudomonad agars, respectively. 
Mean of eight replications. 
Two very specific relationships have evolved between microorganisms and higher plants in 
which the microbes do not compete in the rhizosphere for exudate. Rather, the microbes have 
developed special means of direct exchange of photosynthate with the higher plants. Nodule 
bacteria use nodules on leguminous plants and mycorrhizae involve arbuscules inside the cortical 
cells of most higher plants. 
Nodule Bacteria 
Nodule bacteria provide N to the plant and require photosynthate in return. The soybean 
nodule bacteria were not native to our soils, but were introduced when soybean was first grown. 
Since then, these bacteria have become residents in our soils, often appearing in rather high 
numbers. It is common to fmd I x 105 or more per g soil at time of spring planting. This is 
usually the second year after soybean was last planted in a CSb rotation. The soybean bacteria 
presumably are living heterotrophically in the absence of the soybean host, but not much is 
known about this phase of the organism's growth. 
Members of serogroup I23 are the common soybean bacteria in Iowa soils. Protein 
profiles by SDS-PAGE have shown this group to be quite diverse. Of I76 individual isolates, 
Hickey et al. (1987) found 74 separate strains. Current work by Aharchi (unpublished) has 
shown differences in nitrogen-fixation effectivities within this serogroup. There is something 
unique about this serogroup in forming nodules in field-grown soybean in Iowa, even though 
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other serogroup members may be better at fixing nitrogen. Berget al. (1988) found members of 
serogroup 123, whether isolated from a specific soil or other soils, formed a higher percentage of 
the nodules when used as inoculants (Fig. 1 ). The reason for the improved nodule occupancy by 
members of this serogroup is not currently known. 
25 
20 r-1-
-~ 15 0 
-
>-
r- -
--
-r-
0::: 
w 10 > 
0 
(.) 
w 
0:: r--
5 -I-
4 18 2 16 4 10 
0 
Cl C3 76 110 122 123 
SEROGROUP 
Fig. 1. The percentage recoveries in field-grown nodules of introduced 
bradyrhizobia (soybean bacteria) by serogroup (within histograms are the 
numbers of site-year-strain combinations; the bars present ± SE of the 
mean). 
A strain of soybean rhizobia coming from China in the mid 1980s was a faster-growing 
strain compared with the slow-growing serogroup 123 members. We thought that the faster 
growth rates might give these organisms a competitive advantage in forming nodules. Field work 
by Manjanatha et al. (1992), however, showed this strain was not a good competitor in Iowa 
soils. The strains that have established in Iowa soils are hard to displace in nodules and 
relatively little is understood as to the reasons why. 
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Berg et al. (1988) and Manjanatha et al. (1992) both showed that yield increases of 
soybean statistically occur in about one-half of the research plots over several years when high 
levels of nitrogen fertilizer were added. This suggests that not all of.the nitrogen needed by the 
crop is being met by nitrogen fixation and that the potential exists for benefit with improved 
strains of nodule bacteria. 
Mycorrhizae 
Mycorrhizae are a beneficial association between a fungus and an higher plant. The benefit 
to the plant is reported mainly to be nutritional, especially phosphorus, and the benefit to the 
fungus is photosynthate. Because of the types of structures formed by this association (vesicles 
and arbuscules), these fungi are sometimes called YAM fungi. Similar to the soybean nodule 
bacteria, little is known about the ecology of these organisms in Iowa soils (or elsewhere). 
Greenhouse studies in the past have suggested that as soil phosphorus levels increase, 
mycorrhizal colonization decreases. Recent studies by Khalil et al. (1992), however, found a high 
incidence of colonization in Iowa soils in spite of high soil-test phosphorus levels (Fig. 2). 
Furthermore, fungal spore numbers found were high in most soils. Are these fungi beneficial or 
pathogenic? We currently don't know. 
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Fig. 2. Results of a survey study in Iowa of mycorrhizal (V AM) colonization of 
soybean and V AM spores in the rhizospheres of 15 soils. 
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Another interesting evolutionary question is whether wild-type plants, with effective nitrogen 
fixation from nodule bacteria and phosphorus nutrition from mycorrhizae, are better able to 
grow in nutrient-poor conditions than more modem improved cultivars? This question may have 
important implications for biological inputs in low-input sustainable agricultural systems. 
Preliminary unpublished data by Khalil suggest great variation in both wild-type and improved 
cultivars (Fig. 3). Glomus inoculation produced greater phosphorus uptake in all cultivars except 
Swift. The extent of responsiveness varied considerably with cultivar. Exploration of this natural 
variation may be important for future optimization of nutrient inputs. 
Phosphorus in soybean cultivars 
-----------------------------------------------------------------
3 -----~ Control, Gigaspora, Glomus ~------------
2 ------------··--·-·····-······-·-······· 
0 
Mandarine Soja Swift BSR 
Fig. 3. Phosphorus percentages and total plant phosphorus of two wild-type (Mandarine 
and Soja) and three improved (Swift, BSR, and Richman) cultivars of soybean grown 
without (control) and with two (Gi2aspora and Glomus) mycorrhizal fungi. 
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